there are many systems for indoor navigation specially built for visually impaired people but only some has good accuracy for navigation. While there are solutions like global navigation satellite systems for the localization outdoors, problems arise in urban scenarios and indoors due to insufficient or failed signal reception. To build a support system for navigation for visually impaired people, in this paper we present a comparison of indoor localization and navigation system, which performs continuous and real-time processing using commercially available systems (Beacons and Decawave) under the same experimental condition for the performance analysis. Error is calculated and analyzed using Euclidean distance and standard deviation for both the cases. We used Navigine Platform for this navigation system which allows both Tri-lateration as well as Fingerprinting algorithms. For calculating location we have used the concept of Time of Arrival and time of difference of arrivals. Taking into concern about the blind people, location is important as well as accuracy is necessity because small measurement in the walk is important to them. With this concern, in this paper, we are showing the comparative study of beacons and Decawave. The study and the accuracy tests of those systems for the blind people/user's in navigating indoor are presented in this paper.
I. INTRODUCTION
In a pervasive computing world, location information is important. For example, location information can be used to help users find what they need and where it is from the current location of the users. A tracking system can be used to guide the navigation in the urban environment indoor area [1] . Similarly, a navigation system is used to guide users to a certain location. For example, a car navigator is used to guide a driver to a destination based on the current location of the vehicle in real-time or turn-by-turn. The location given to the navigator is typically calculated by Global Position System (GPS) receiver that receives reference radio signals from GPS satellites. Because of GPS system the outdoor navigation is so much successful but if we compare with indoor navigation, it's not as successful as outdoor navigation due to signal attenuation by construction material of buildings [2] . People can utilize an indoor navigation system to locate devices throughout a building, tourists can use it as a tour guide in a museum, or fire fighters can use it to find an emergency exit in the smoky environments where it is difficult to see the way. A navigation system and location information is essential for the visually impaired people, to locate themselves and navigate them to the desired location.
Navigation for a visually impaired people is totally a big challenge. There are many solutions for blind navigation that have arisen for the last 30years. Some are now widely used as NavCog from CMU , a navigational cognitive assistance for visually impaired people [3] which provides turn by turn assistance to the visually impaired person according to the real time localization in a large space. Microsoft also developed the solution for localizing for visually impaired people guiding through audio by the Application named Soundscape which helps the user to enrich ambient awareness. There are some system like ISEABlind [4] which was developed at INESTEC and UTAD uses artificial vision, assisted navigation, detailed spatial perception and different kinds of sensors to give audio feedback to the user for the smooth mobility of visually impaired user.
In developing technology for indoor localization, we have recently begun exploring commercially available state of the art localization technologies. There are different systems used in the Indoor navigation system. As mentioned by [5] there are technologies like Infrared(IR), Ultrasound, Radio frequency Identification (RFID), Wireless Local Area Network (WLAN), Bluetooth, Sensor networks, Ultra-Wideband (UWB) ,Magnetic signals . Out of them only few of the technology are commercially available and which are available are costly and hard to install and deploy.
The technology of beacons are low cost and high spatial selectivity however the accuracy is the major factor because typical walking speed are likely to change which effects the localization of the place or object [6] . Decawave has taken over the beacons in terms of accuracy as well as low-cost real-time location system (RLTS) applications. The aim of this paper is to compare the accuracy of indoor navigation system using beacons and decawave which can aid in the navigation of a visually impaired user for indoor purpose.
While there are solutions like global navigation satellite systems (GNSS) for the localization outdoors, problems arise in urban scenarios and indoors due to insufficient or failed signal reception. For indoor use, multiple alternative localization concepts exist that are suited for different use cases [7] . Through the years there has been a shift in their preferences as most of the blind/visually impaired people wish to be a bit more independent. People are shifting towards the next big thing for mobility, that being assistive technology. Emerging smart services like RFID, WLAN, Beacon, Decawave etc. are being used to locate and navigate the visually impaired people in the indoor environment which differ from a lack of cost-effective and deployment. To address this concern, in this paper we present a comparison of indoor localization and navigation system, which performs continuous and real-time processing using beacons and decawave.
II. BACKGROUND
The development of outdoor navigation system has been so rapid as compared to indoor navigation system. Accuracy in localization is very important for visually impaired people, even the small error can deviate the person to undesired place. Comparing the accuracy test for indoor navigation system plays vital role to ease the visually impaired people to localize.
An experiment was performed using beacons for indoor navigation system to analyze the positioning accuracy corresponding to number of beacons in Daejeon, South Korea [8] . Experiment was done in the space of 100m*100m in which 10-100 beacons were deployed in grid and random topology. They found out the more accurate result when there is more beacons.
Another research was conducted in one floor of the building of the Faculty of Informatics and Management, University of Hradec Kralove where beacons were deployed [9] . They combined Wi-Fi network and beacons together in indoor navigation system to improve the accuracy of localization. The outcome show that the accuracy can be improved by 23% with less variance.
In order to find the accuracy of UWB positioning systems various research work have been conducted. A research in Lopsi lab was conducted to compare the accuracy of Decawave as well as Bespoon location system [10] . As a result they found out the standard deviation of Bespoon and Decawave system were 11cm and 5.5 cm respectively which signifies Decawave system is more accurate than Bespoon System.
III. EXPERIMENTAL SETUP
The Experiment was performed in the Human Computer Interaction Lab of University of Trs-os-Montes and Alto Douro, Vila real, Portugal. Both systems: Beacons and Decawave Dw1001 were implemented by deploying the modules in the same position one after another. The area of Lab is 10m*8m. The main goal of this paper is to compare the indoor navigation system using Beacons technology and Decawave modules. Decawave module and Beacons were deployed on the wall of the lab which was quite far from the metallic ceiling which could have attenuated the signal given by Transmitter.
A. Beacons 1) Hardware used: In this system we have two parts. They are as Transmitter and Receiver. a) Transmitter Unit: As a transmitter we used IBKS150 which will transmit signal to the receiver. It uses Nordic Semiconductors nrf51822 chipset which is a powerful and also highly flexible multiprotocol SoC ideally suited for Bluetooth Low Energy. It uses CR2477 coin cell battery which is small in size and long lasting. b) Receiver: As a receiving unit we used Samsung galaxy S5 android 6.0 which has Bluetooth 4.0 (BLE).The mobile phone receives signals strength from the transmitter (Beacons) and use trilateration to find the location of user.
Beacons are small radio Bluetooth transmitters. It's kind of like a lighthouse: it repeatedly transmits a single signal that other devices can see. Bluetooth low Energy (BLE) Beacon is a small device which can be attached in any surface which can communicate to nearby devices using Bluetooth.
There are various positioning techniques that have been proposed till date. Among them most common position techniques are Trilateration, Triangulation and Fingerprinting [11] .
2) Algorithm Used: We used Navigine Platform for this navigation system which allows both Trilateration as well as fingerprinting algorithms. Fingerprinting algorithm allow to use both Wi-Fi infrastructure and Beacons. Due to attenuation , Trilateration requires a correction factor whereas Fingerprinting algorithm considers the correction factor already in the database creation process [12] . a) Fingerprinting: Fingerprinting is the location positioning technique that first collects the fingerprints (features) from the scene and the location of the object is found out by matching the online measurement with the one from the location fingerprints from the database [13] . In order to find the device location, the device collects the samples of signals of the surrounding and the device calculates RSSI values. The RSSI samples are compared with the previously recorded RSSI samples and the one which is best match with the unique pattern of sample is taken in order to find the device location [14] .
In fingerprinting process there are Two Phases: Online phase and Offline phase.
• Offline Phase: In the Offline phase, the data of the location coordinate along with the respective signal strength is collected by going in the site on foot in the radio environment. • Online Phase: In the online phase, the currently data collected is compared with the samples which are already collected to find the estimate location. In this operating mode, the received signals are crosscorrelated to determine the TDOA and a set of nonlinear equations are solved to produce the location estimate. It is somewhat more versatile than ToA [16] .This method does not require the time that the signal was sent from the target, only the time the signal was received and the speed that the signal travels. Once the signal is received at two reference points, the difference in arrival time can be used to calculate the difference in distances between the target and the two reference points. [17] 
IV. TEST MEASUREMENT
For the beacons we used Navigine Platform to find the location of a device and For Decawave DW1001 module we used Decawave Application to configure anchor and tags hence to find the user location. Figure 4 shows the floor plan in which blue (X) represents the position where infrastructure is deployed. A, B, C, D and E are the Position which is taken for accuracy test. 
1) Error Calculation for Beacons Technology using Euclidean Distance:
We used Euclidean Distance measurement to find the distance error. The distance error is calculated at points A, B, C, D and E where data are collected. The distance formula for Euclidean is described as:
Where (x1, y1) is accurate data (reference point) and (x2, y2) is mean of data from the cluster of data obtained.
The Euclidean distance between the mean of cluster of points and actual point is Distance error which is obtained as below: 
C. Analysis using Standard Deviation
Standard Deviation plays an important role in statistical analysis. As standard deviation is a measure to find the deviation or dispersion from the mean value [18] . so we calculated the standard deviation of X and Y coordinates of the Actual points (A,B,C,D and E) for Beacons Technology and Decawave Technology. Fig.7 and Fig8 shows the deviation of X and Y coordinates with the standard deviation on the Y axis with the unit meter(m). Clearly from the figure we can say that the standard deviation in the Lab space using Beacon technology is higher than the standard deviation obtained using Decawave Technology. The data are more spread in Beacon technology which results in more deviation with respect to mean. More deviation results in more error which will be a challenge to find the actual location of the user. Whereas in case of Decawave Technology the deviation obtained is very less compared to Beacon Technology which is really good for Blind people to navigate with support system.
V. RESULT AND DISCUSSION
We tested Beacon Technology as well as Decawave Technology for the accuracy test in-order to make support system for the blind Navigation system. We used Standard Deviation and Euclidean distance to compare both system. We found out Decawave system is really good system with minimal error because of its Algorithm implemented in the system. Visually impaired people needs navigation system with minimal error so that they can reach to their target destination without any obstacles. Any significant error in navigation can lead the visually impaired people to reach to false destination which will decrease the efficiency as well may harm the user. So Decawave Technology is chosen over Beacon Technology for the construction of Blind navigation support system.
VI. FUTURE WORK
Although we only tested the system accuracy test only but our aim is to make Blind navigation support system mobile application using the system which gives the best accuracy. In the future we can make a User friendly mobile application for visually impaired people using Decawave Technology in order to help them to navigate them in indoor locations. We will try to make an automatic speech helper for user to make them aware where are they are located which helps them to navigate using voice command. They will also be able to command through voice where they desire to go inside the indoor location.
